Wall paintings in Tibet Potala Palace, Norbulingka and Sagya Monastery were made as follows: firstly coarse red Argar earth was coated on the stone wall, rammed earth wall or light Bianma grass, secondly fine white Argar earth was coated on them, and then paintings were drawed, finally varnish or tung oil was spread on the wall painting surface. The causes of wall painting delamination [2] , [3] can be summed up in the following aspects: first of all, the construction material and crafts applied. The result of the survey discloses that the ancient Tibetan architectures are mixed constructures made of stone, earth and wood, which leaves the connection sections between the beams and wall paintings at the ceil ing as wel l as the u pper side of door s vulnerable to the delamination. The layerstructured wall paintings in those sections suffer distortion and breach under the pressure of vertical shearing stress, showing the unequal distribution of different interface stress upon different materials. The load of the building and roofing on beams and purlines transfers through those frameworks to walls. The wall painting plasters leaning against walls are directly connected to roofing. During the drying process, different materials displaying dissimilar contraction rates are easy to form gaps around the combining parts of those materials, which, in combination with the transmission of forces, contributes to the formation of the delamination. Secondly, the cause comes to the layout of the architecture and the effects brought by both natural and human activity vibration. The structures of ancient Tibetan architecture mainly www.intechopen.com belong to pillar mixed load carrying members. In those architectures, the top of the architecture serves not only as the roofing of the floor but the platform for its upper floor. Besides used as passages and aisles, the Buddhist ceremony was also held here. Therefore, the vibration brought by the human activity is ranked among the causes for the formation of wall painting crevices and delamination. Each year the renovation of roofing is carried out regularly, during which a large number of people performing ramming generates strong vibration when they are ramming a new layer of Argar. This is also a potential threat to the supporting structure of roofing. In a word, the original layout of the structure leaves wall paintings open to deterioration, the deterioration of delamination in particular, while the human activity accelerates this process. The vibration produced by the human activity and the architecture weight itself are the direct cause of the mural delamination. In addition, the frequent earthquakes of different magnitudes also impose important effect upon the architecture, resulting in its distortion and damage. Thirdly, the roof leakage is anther cause of delamination, which in turn is caused by the architecture distortion and the malfunction of the Argar layer. Fourthly, the environment also contributes to the delamination. The surrounding environment of cultural relics is among the most important factors in their intact preservation. However, at the same time, it is also the prerequisite for the formation of deterioration. The environmental factors affecting the preservation of cultural relics mainly include temperature, moisture, illumination and ventilation, which in the case of the Tibetan palace wall paintings, are the indoor temperature and moisture plus region environment, such as air temperature, precipitation and air moisture. Researches show that the microenvironment of the Tibetan palace and temple are conducive to the preservation of wall paintings, whose annual mild changes to some degree avert the wall painting damage imposed by the freeze-thaw action. In the conservation of wall paintings, it is quite a problem in technology to investigate the area and the degree of wall painting delamination. Traditionally, the diagnosis of delamination in grotto wall paintings and palace wall paintings is achieved by distinguishing the tone when tapping wall paintings by hand, such experience is useful in determining the area and degree of delamination, but it depends a lot on subjective sensation. Non-destructive detection by ground penetrating radar (GPR) is the method of using highfrequency electromagnetic waves in the form of wide-band short pulse to transmit signal underground by the transmitting antenna of ground penetrating radar, which reflects back to the receiving antenna at the mismatching interfaces of electromagnetic impedence, and analysing the amplitude characteristics of received waves in time domain or frequency domain to distinguish abnormal body. Ground penetrating radar is widely used in archaeology, karst exploration, concrete pavement assessment, tunnel lining quality evaluation, subgrade stratification and so on. With the increase of central frequency of radar antenna and the using of ultra-wideband technology, ground penetrating radar is applied to the recognition of shallow target. The depth of mural delamination is generally 2 ~ 5 cm, rarely more than 10 cm (Fig. 3) . Therefore, ground penetrating radar can detect depth of 20 cm to meet the requirements. Based on physical modeling experiment in the laboratory, the author uses the RAMAC GPR made in Sweden to detect delamination of wall paintings in Tibetan lamaseries and Lashao temple. During the in-situ test, the ground penetrating radar is equipped with a shielded antenna at the nominal central frequency of 1.6 GHz, the antenna is gently attached upon a piece of transparent parchment paper that has been covered on the vanishing surface of wall paintings, the sampling parameters of time window is set at 4 ns and sampling frequency at 142 GHz, and the signal triggering mode is adopted as distance or time. Having been processed by the band-pass filter and the filter of subtracting mean trace, the scope of delamination disease is determined and the thickness of wall painting delamination is estimated in the radar profile. 
Detection of delamination in replica plaster
Under ideal condition, the vertical resolution limit is up to 1/10 of electromagnetic wavelength, but under poor circumstance, the resolution is only 1/3 of characteristic wavelength. As to the geotechnical detection by ground penetrating radar, it is typically considered 1/4 to 1/2 of impulsed electromagnetic wavelength as the vertical resolution to select the appropriate radar antenna. When the characteristic wavelength of electromagnetic waves is close to the thickness of cavity or delamination, the relative strong echo from the top or the bottom of cavity in the radar image is easy to identify. Because of the application of ultra-wideband radio technology, such kind of ground penetrating radar has higher resolution [4 ] - [7] . Replica of Tibetan wall painting plaster is made, and regular voids at different depth and with varied size are set inside, then the forward modeling detection is carried out in order to get appropriate parameters for acquisition of radar data, and to find effective filters for signal processing.
Characteristic of transmitting impulse
RAMAC GPR, made by MALÅ GeoScience in Sweden, is used to carry out the physical modeling experiment. It is designed on the basis of general modular, and it consists of control unit, antenna and computer terminals (Fig. 4) . When detecting the delamination of wall paintings in Tibet Potala Palace, the 1.6 GHz shielded antenna with the highest center frequency at that time was used. At present, the latest product, 2.3 GHz radar antenna, takes a higher central frequency. As for the impulse electromagnetic wave generated by the transmitting antenna, its time domain ( According to the Federal Communications Commission (FCC), the band width of impulse signal of electromagnetic wave is defined as the range of frequencies in which the signal's spectral density P(f) is above -10 dB relative to its maximum:
where: P dB (f) is the normalized power when frequency is f and the measuring unit is dB; A(f) is the amplitude when frequency is f and A max (f c ) is the peak amplitude at the central frequency of f c . When
.32 A max (f). As shown in Fig. 6 , when the normalized amplitude is 0.32, its normalized power is equal to -10 dB. In Fig. 6 
where: B is the relative band width of electromagnetic wave in frequency spectrum and the measuring unit is %; f H is the higher bound of the band width, f L is the lower bound of the band width and both the measuring units are MHz. According to equation (2) , it can be figured out that the relative band width of the 1.6 GHz antenna is 126% and that of the 2.3 GHz antenna is 125%. So that, both of them belong to the type of ultra-wideband (UWB) antenna.
Vertical resolution
Having taken the technology of step frequency, RAMAC GPR expands the band width of impulse electromagnetic wave. The component of high frequency in the effective band width, B eff , possess higher resolution. The simplified equation of the vertical resolution, ΔR, of the ground penetrating radar can be worked out according to the Rayleigh criterion:
where: ΔR is the vertical resolution of ground penetrating radar, also called as longitudinal resolution, its unit is m. υ is the propagating velocity of impulse electromagnetic wave in the medium, with the unit of m/s. B eff is the effective absolute band width in frequency spectrum of received signals and its unit is Hz. c is the traveling speed of electromagnetic wave in vacuum, its value is about 3.00 10 8 m/s. ε r is the real part of the relative dielectric constant of the medium. By the equipment of Agilent 8510C single terminal vector network analyzer (VNA), it is determined that the relative dielectric constant of the fine layer, namely white Argar earth, and the coarse layer, namely red Argar earth, in wall painting plaster is about 3.76 and 2.9 www.intechopen.com respectively in the frequency range of 0.2~3.0 GHz. As for 1.6 GHz antenna, its absolute wide band is 1.70×10 9 Hz, so that, according to equation (3) , the vertical resolution is 0.051 m, that is 5.1 cm. In equation (3), the half-wave length of the electromagnetic wave transmitting in the medium is regarded as the vertical resolution of ground penetrating radar. However, according to the Rayleigh criterion, 1/4 of the wave length is regarded as the limit of the vertical resolution. Under high signal to noise ratio, 1/8 of the wave length can be regarded as the limit of the theoretical vertical resolution. In fact, the replacement of effective band width by absolute band width to calculate the vertical resolution is a comprised method. Because the detection of delamination in wall paintings by ground penetrating radar belongs to the application of ultra shallow layer in the depth range of 10 cm, the two-way attenuation distance of electromagnetic wave in the dry plaster is relatively short. The component of high frequency with higher resolution can reflect back into the receiving antenna at the interface between plaster layer and cavity. If the threshold of -20 dB spectral density, in equal to normalized amplitude of 0.1 in Fig. 6 , is regarded as the recognition limit, the effective band width of 1.6 GHz antenna in frequency domain is 121~2,624 MHz. Therefore, the minimum wave length of the electromagnetic wave transmitting in the wall painting plaster is 6.62 cm. Then, the maximum theoretical vertical resolution of /8 is about 8 mm.
Physical modeling experiment
In order to determine the appropriate acquisition parameter of RAMAC GPR, and to obtain the method of digital signal processing (DSP), regular voids with different depth and thickness are made in the loam plaster (Fig. 7) . The ground penetrating radar equipped with 1.6 GHz shielded antenna is used to carry out the lab test (Fig. 8, Fig. 9 , Fig. 10, Fig.11) .
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What is shown in Fig. 8 is a radar profile, presented in the form of a matrix with 320 rows and 621 columns after loading the filter of finite impulse response (FIR). In the Ground Vision, which is a software affiliated to the ground penetrating radar equipment, through the processing of direct current (DC) removal, band pass filtering and subtract mean trace, the delamination in replica plaster can be distinguished clearly in the point mode of radar profile. Since the delamination A is not that thick, it is difficult to be located in Fig. 8 . The delamination C is so shallow that the noise over the echo is strong. The delamination B is the most obvious and its thickness, Δh, can be calculated with the following equation:
where: Δh is the thickness of the delamination with the unit of m. c is the propagation velocity of electromagnetic wave in the delaminated area and the value is about 3.00×10 8 m/s. Δt is the two-way travel time when the electromagnetic wave propagates in the delaminated area and its unit is s. N t is sample number of the lower surface of delamination in typical trace. N 0 is sample number of the upper surface of delamination. t is time depth of the whole trace with the unit of s. N is sample number of the whole trace. In equation (5), t is 2.26×10 -9 s. According to the characteristic waveform of delamination B in time domain, N t and N 0 is 179 and 155 respectively, and N is 320. The thickness of the delamination is figured out as 0.0254 m, namely 25.4 mm. It is very close to the actual thickness in replica plaster. By the same rule, N t and N 0 for delamination C is 141 and 123 respectively, and its thickness is calculated as 19.1 mm. Fig. 9 is the interpretation result of the same radar profile in software of REFLEX after the processing of subtract DC shift, band pass butterworth, background removal and F-K migration. It is the combination of presentation in point mode and wiggle mode. The delamination parts of A, B and C are obvious. Compared with the background, their common characteristics are the sudden increase in negtive amplitude and the phase inversion. F i g . 1 0 i s t h e i n t e r p r e t a t i o n r e s u l t o f d e l a m i n a t i o n A a n d B a t d i f f e r e n t s a m p l i n g frequency. The higher the sampling frequency is, the more samples in illustration of delamination at the same time depth are. The bigger the difference of two way travel time between the upper and the lower surface of delamination is, the more serious the delamination is. The results of modeling detection (Table 1) show that when the antenna couples well with the wall painting surface, the delamination in the radar profile is great clear. The higher the sampling frequency is, the more samples corresponding to the bound of delamination there are. This is good for the interpretation of radar profile, and the values of delamination thickness, figured out by equation (5), are close to each other. 
Analysis of typical traces
The typical wave forms (Fig. 11, Fig. 12 At the upper and lower interfaces of delamination, the instantaneous amplitude as well as the instantaneous phase of the delamination and the background in time domain go through alienation. The two way travel time is 0.7 ns and 0.9 ns respectively when the contrast is great, which is in consistent with the contrast of original waveforms in time domain. Specifically to RAMAC/GPR and its accessory software of Ground Vision, it is suggested that the depth of time window should be about 3 ns and sampling frequency about 213 GHz. As a rule, the thickness of wall painting plaster in Tibetan lamaseries is less than 10 cm, and it depends on efficient removal of direct coupled waves in radar profile to detect delamination beneath wall painting plaster. As the GPR raw data is processed by applying filter of finite impulse response (FIR), delamination in wall paintings is characterized as sudden amplification of negative amplitude in waveform, and the extent of delamination is proportional to the time difference of two adjacent troughs, representing how serious the deterioration is.
Detection in Sagya Monastery
Visual inspection by means of video probe (Fig. 15) shows that delamination in wall paintings in the Sagya Monastery is very serious. The delamination is mainly distributed at the top of walls, usually in the form of wall painting plaster delaminating from the rammed plaster (Fig. 16) . It has been proven by video probe that the delamination in wall paintings around the probing holes is thick. The three holes (Fig. 17) are connected with each other in that when it is blown at one hole the dust come out from the other two holes. It is a pity that although the interior condition of the delamination can be visualized and imaged by probing test, the thickness of the delamination can not be determined without reference. Only the existence of the delamination can be ensured. The around area (Fig. 18) is selected as the site of field test for detection. The field test for detection of delamination in wall paintings was carried out on August 7, 2007 . Test parameters were as follows: the sampling frequency is 60779.928037 MHz, interval of triggering distance is 0.002590 m and the depth of time window is 5.528141 ns. In the post-processing software of Easy 3D, as the radar profile is filtered by FIR, it is found that the delamination at the top is more serious than that at the bottom in the west wall (Fig.  19) .
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Detection in Patala Palace
The south wall of Western Hall in Potala Palace is selected as the detection area (Fig. 20) . From left to right, this area is divided into five square grids with a side length of 80 cm, so that each coverage is 0.64 m 2 . The spacing distance of both transversal and vertical profiles in grid project is 10 cm (Fig. 21) . 3) . After the post processing as above, the wall made of stone adobe is distinctly illustrated in Fig. 22 , since relatively more electromagnetic waves are reflected from the plaster-stone interface.
Fig. 22. Plaster-support interface illustrated in radar image
From Fig. 22 , it can be seen that when the two-way travel time of electromagnetic wave is near 2 ns, the reflected signal is strong. Suppose that the electromagnetic wave travels at 0.1 m/ns in plaster, the thickness of the plaster layer is 10 cm. Besides, the signal of the wave appears unusual at the horizontal distance of 0.42 m, which may be the area of delamination. If the data in Fig. 22 is only filtered by finite impulse response in Easy 3D, the length of the wooden beam, read as 0.8 m, can be seen clearly in the radar profile (Fig. 23) . Furthermore, its width is about 0.28 m in the side view (Fig. 24) . To summarize, the deterioration of delamination within the wall paintings is located mainly at the top of the wooden beam and under the plaster layers, and it is 3.2 m in length, 0.28 m in width, and 5 cm in depth from the wall painting surface.
Detection in Lashao Temple
The detection area, 0.8 m long and 1.2 m high, in Lashao Temple of Wushan Shuilian Caves is relatively flat, on the north of the lion relief of the Buddha figure (Fig. 25) . Altogether, 17 horizontal and 13 vertical profiles (Fig. 26 ) have been taken, and the distance between adjacent profiles is 0.1 m. As a rule of thumb, the relative dielectric constant of mural plaster is about 1.5, so that electromagnetic wave travels in plaster layer at the speed of about 2.45×10 8 m/s (245 m/ s or 245 mm/ns). In the dialog box of parameter setting, the window of two-way travel time is input as 3 ns, which is equal to set the effective detection depth as 36.75 cm, the sampling frequency is chosen as 142 GHz, the interval of impulse triggering time is set as 0.1 s, and the function of automatic stacking is turned on. During the operation of signal processing, the following four filters are loaded: DC Removal, Substract Mean Trace, Band Pass, and Running Average. It is shown in the interpretation results (Fig. 27, Fig. 28, Fig. 29 ) that the delamination in wall paintings in the detection region is mainly located at the lower left corner, which is in consistence of the area where the loss of mural plasters is serious. In addition, delamination is also serious in the lower right corner and the upper part of detection area. Taking into account that the vertical resolution of RAMAC ground penetrating radar is about 5 mm, delamination in detection area should be more serious (Fig. 30) . 
Conclusion
Focusing on the propagation of high frequency pulse electromagnetic waves in layered lossy and dispersive medium and after the physical forward modeling experiment, this chapter has successfully located delamination in polished wall paintings by wall coupling antennas using RAMAC ground penetrating radar. It is shown that the ultra-wide band ground penetrating radar is capable of detecting delamination in vertical resolution of about 5 mm when it is equipped with a transmitting antenna of 1.6 GHz central frequency. 
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